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(57) ABSTRACT 

A switching voltage regulator is described which provides 
multiple independently regulated outputs. A switch control 
independently monitors two or more voltage outputs and 
generates control signals for driving a main switch and two 
or more auxiliary switches to charge selective ones of the 
outputs which have fallen below their target voltages. Time 
sequencing techniques are utilized to control the switching 
of the auxiliary switches such that energy stored in an 
inductor is transferred to the appropriate voltage outputs. 
The switching voltage regulator may be implemented as an 
integrated circuit and may have various topologies, such as 
boost, buck, flyback or SEPIC. 
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1. 

MULTIPLE OUTPUT REGULATOR WITH 
TIME SEQUENCING 

BACKGROUND OF THE INVENTION 

This invention relates to a switching voltage regulator 
circuit. More particularly, the present invention relates to a 
switching voltage regulator circuit that can provide multiple 
independently regulated voltage outputs using time sequenc 
ing techniques. 

There are increasing demands in the electronics industry 
for power supplies that provide multiple regulated outputs. 
In the past, most integrated circuits operated at 5 volts. Now, 
the standard operating voltage for an integrated circuit is 3.3 
volts. In the future, newer integrated circuits are expected to 
operate at 2.5 volts and below. With various integrated 
circuits and electronic devices operating at different volt 
ages, the ability to supply efficiently regulated multiple 
voltage outputs from a single power Supply has become 
increasingly more important. 
One approach to obtaining multiple regulated voltages 

from a conventional power supply has been to construct 
several independent regulators, each controlling its corre 
sponding output. Another approach has been to connect to 
the outputs of a first stage regulator separate "post-regula 
tors' (usually linear regulators) for each different voltage 
output desired. However, both of these approaches require 
additional components, which add cost and consume power 
and space, and thereby lower the efficiency of the power 
supply. A further approach has been to use a multiple 
winding technique or charge pump circuit to generate addi 
tional voltage outputs from a single regulated output. Here, 
the disadvantage is that the auxiliary outputs are not directly 
regulated. As a result, the auxiliary outputs may fluctuate 
depending on load and line variations. 

In view of the foregoing, it would be desirable to provide 
a switching voltage regulator circuit having multiple inde 
pendently regulated outputs, which is capable of efficient 
operation. 

It would also be desirable to provide a switching voltage 
regulator circuit having multiple independently regulated 
outputs, which operates over abroad range of input voltages 
and output requirements. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a switching voltage regulator circuit having multiple inde 
pendently regulated outputs, which is capable of efficient 
operation. 

It is also an object of the present invention to provide a 
switching voltage regulator circuit having multiple indepen 
dently regulated outputs which operates over a broad range 
of input voltages and output requirements. 

In accordance with these and other objects of the present 
invention, a switching voltage regulator having multiple 
independently regulated outputs is described. The switching 
voltage regulator utilizes time sequencing techniques to 
independently regulate the voltage outputs. A switch control 
monitors each of the voltage outputs and drives the switch 
ing of the main switch and auxiliary switches to charge 
selective ones of the voltage outputs, which have fallen 
below their target voltages. 

BRIEF DESCRIPTION OF THE DRAWENGS 

The above and other objects of the present invention will 
be apparent upon consideration of the following detailed 
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2 
description, taken in conjunction with the accompanying 
drawings, in which like reference characters refer to like 
parts throughout, and in which: 

FIG. 1 is a block schematic diagram of an exemplary 
embodiment of the present invention showing a multiple 
output boost Switching voltage regulator; 

FIG. 2A is a timing diagram of an embodiment of the time 
sequencing provided by time sequencing block 40 of FIG. 1; 

FIG. 2B is a block diagram of a first exemplary logic 
configuration for time sequencing block 40 of FIG. 1, which 
provides the time sequencing shown in FIG. 2A; 
FIG.3A is a timing diagram of an embodiment of the time 

sequencing provided by time sequencing block 40 of FIG. 1; 
FIG. 3B is a block diagram of a second exemplary logic 

configuration for time sequencing block 40 of FIG. 1, which 
provides time sequencing shown in FIG. 3A; 

FIG. 4A is a timing diagram of an embodiment of the time 
sequencing provided by time sequencing block 40 of FIG. 1; 

FIG. 4B is a block diagram of a third exemplary logic 
configuration for time sequencing block 40 of FIG. 1, which 
provides the time sequencing shown in FIG. 4B; 

FIG. 5A is a block schematic diagram of another exem 
plary embodiment of the present invention showing a mul 
tiple output buck switching voltage regulator; 

FIG. 5B is a block schematic diagram of a further 
exemplary embodiment of the present invention showing a 
multiple output flyback switching voltage regulator; and 

FIG. 5C is a block schematic diagram of yet another 
exemplary embodiment of the present invention showing a 
multiple output SEPIC switching voltage regulator. 

DETALED DESCRIPTION OF THE 
INVENTION 

An example of a multiple output switching regulator 
implemented in accordance with the principles of the present 
invention is shown in FIG. 1. Switching regulator 10 
includes inductor 12 (L), coupled between input Vy and 
ground (other predetermined reference potentials, such as 
-V, may be used instead of ground). A main switch 14 
(SW) is coupled in series with inductor 12 (L) between 
input Vy and ground. A first auxiliary switch 16 (SW) is 
coupled from a node between inductor 12 (L.) and main 
switch 14 (SW) to a first voltage output Vol. A first 
output capacitor 18 (Cor) is coupled between voltage 
output Vor and ground. A second auxiliary switch 20 
(SW) is coupled from the node between inductor 12 (L) 
and main switch 14 (SW) to a second voltage output 
Vol. A second output capacitor 22 (CoI2) is coupled 
between voltage output Vo2 and ground. 

Output capacitors 18 (Cor) and 22 (Cour) are not 
required to be connected to ground. Alternatively, for 
example, they may be stacked such that output capacitor 22 
(Co.) is coupled between voltage output Vo2 and 
VouT1, 
The present invention may include more than two inde 

pendently regulated voltage outputs. Accordingly, FIG. 1 
shows a third auxiliary switch 24 (SW) coupled from the 
node between inductor 12 (L.) and main switch 14 (SW) 
to a third voltage output Vow. Output capacitor 26 
(Co.) is coupled between voltage output Vouw and 
ground. As used herein, the letter N represents an integer 
greater than 2. 

Control of main switch 14 (SW) and auxiliary switches 
16 (SW), 20 (SW) and 24 (SW) is accomplished by 



5,617,015 
3 

switch control 28. Switch control 28 is coupled between 
voltage outputs Vouri, VouT2 and Vourv and Switches 14 
(SW), 16 (SW), 20 (SW) and 24 (SW), and functions to 
drive the switching of the main switch and to sequence the 
switching of the auxiliary switches, when at least one of the 
voltage outputs has fallen below its target voltage. 
As shown in FIG. 1, switch control 28 includes compara 

tor 30 (C), comparator 32 (C), comparator 34 (C), 
oscillator 36, logic block 38 and time sequencing block 40. 
Referring now to the circuitry internal to switch control 28, 
the inputs of comparators 30 (C), 32 (C) and 34 (C) are 
coupled to corresponding voltage outputs Vour, VouT2 and 
Vow, for sensing the voltage outputs. Comparators 30 
(C), 32 (C2) and 34 (C) may be coupled to voltage outputs 
Vouri, Vour and Vouw, directly or through a resistor 
network for suitable scaling of the voltage outputs. The 
outputs of comparators 30 (C), 32 (C2) and 34 (C) are 
connected to logic block 38 and time sequencing block 40. 
Logic block 38 includes OR gate 42 and AND gate 44, and 
functions to gate the oscillator signal from time sequencing 
block 40 so that main switch 14 (SW) is only switched 
when at least one of the voltage outputs is too low as 
indicated by the outputs of comparators 30 (C), 32(C), and 
34 (C). Logic block 38 may be implemented by logic 
configurations other than that illustrated in FIG.1. Oscillator 
36, which may be implemented using conventional oscilla 
tor circuitry, is connected to time sequencing block 40 and 
provides a constant ON time and constant OFF time for 
operation of the regulator circuitry. The inputs of time 
sequencing block 40 are coupled to oscillator 36 and com 
parators 30 (C), 32 (C) and 34 (C). The outputs of time 
sequencing block 40 are coupled to AND gate 44 and 
auxiliary switches 16 (SW), 20 (SW) and 24 (SW). The 
circuitry of time sequencing block 40 controls main switch 
14 (SW) and auxiliary switches 16 (SW), 20 (SW) and 
24 (SW) in accordance with the output signals of com 
parators 30 (C), 32(C) and 34 (C) and the clocking signal 
from oscillator 36. Time sequencing block 40 may be 
implemented in various ways using a number of different 
logic configurations. Three exemplary embodiments of time 
sequencing block 40 are set forth below in the descriptions 
of FIG. 2B, FIG. 3B and FIG. 4B. 
The circuit of FIG. 1 generally operates as follows. 

Switch control 28 controls the ON and OFF switching of 
main switch 14 (SW) and auxiliary switches 16 (SW), 20 
(SW) and 24 (SW) in order to regulate the output voltages. 
Switch control 28 monitors the voltage outputs such that 
when any of voltage outputs Vouri, Vouz and Vouw 
decreases below its lower reference threshold, switch con 
trol 28 sends signals to turn ON (close) and OFF (open) 
main switch 14 (SW) and auxiliary switches 16 (SW), 20 
(SW) and 24 (SW) as needed to restore voltage outputs 
Wouri, VouT2 and Vouv to their target voltages. 
When output capacitors 18 (C), 22 (C) and 26 

(Co.) are all charged to their target voltages, main switch 
14 (SW) and auxiliary switches 16 (SW), 20 (SW) and 
24 (SW) are all turned OFF (open) by switch control 28, 
and load current is supplied by output capacitors 18 (C), 
22 (Cour) and 26 (Cour). This causes voltage outputs 
Vouri, Vour and Vourv to droop slowly while being 
continuously monitored by their respective comparators 30 
(C), 32 (C2) and 34 (C). If any of the voltage outputs 
Vott, Vour or Vouw decreases below the reference 
threshold of its corresponding comparator 30 (C), 32 (C) 
or 34 (C), the output of the corresponding comparator 
changes state, gating the oscillator output of time sequenc 
ing block 40 to main switch 14 (SW). This causes main 
switch 14 (SW) to start switching. 
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4. 
Every time main switch 14 (SW) turns 0N (closes), a 

quantum of energy is stored in inductor 12 (L). When main 
switch 14 (SW) turns OFF (opens), one or more of 
auxiliary switches 16 (SW), 20 (SW) and 24 (SW) turns 
ON (closes), and the quantum of energy stored in inductor 
12 (L) is transferred to the closed switch's corresponding 
output capacitor. For example, if voltage output Vori 
decreases below its lower reference threshold, when main 
switch 14 (SW) turns OFF (opens), auxiliary switch 16 
(SW) turns 0N (closes), allowing the stored energy from 
inductor 12 (L.) to be transferred to output capacitor 18 
(Cour). This causes voltage output Vour to rise. Due to 
built-in hysteresis of comparator 30 (Cl) and/or total loop 
delay, main switch 14 (SW) and auxiliary switch 16 (SW) 
continue switching until output capacitor 18 (Cor.) 
charges above the upper reference threshold of comparator 
30 (C). As used herein, "upper reference threshold" refers 
to the voltage at which a rising voltage level causes a 
comparator to change its output state. "Lower reference 
threshold” refers to the voltage at which a falling voltage 
level causes a comparator to change its output state. After 
several switching cycles, voltage output V rises above 
the upper reference threshold of comparator 30 (C), and the 
comparator turns off. If no other output capacitors require 
charging, all of the switching stops. 
Time sequencing block 40 monitors the outputs of com 

parators 30 (C), 32 (C2) and 34 (C) thus getting informa 
tion on which of output capacitors 18 (Cour), 22 (Cour) 
and 26 (C) requires charging. Time sequencing block 
40 is synchronized with oscillator 36 to turn on any of 
auxiliary switches 16 (SW), 20 (SW) and 24 (SW) at the 
right moment. If more than one of voltage outputs Vor, 
Vo and Wory discharges below its lower reference 
threshold at the same time, time sequencing block 40 
provides a certain ON-OFF sequencing for auxiliary 
switches 16 (SW), 20 (SW) and 24 (SW) to transfer 
stored quantums of energy from inductor 12 (L) to output 
capacitors 18 (Cour), 22 (Cour2) and 26 (Coury), when 
main switch 14 (SW) is OFF (open). 
The timing diagrams in FIGS. 2A, 3A and 4A illustrate 

three ways to implement the sequencing of the switching of 
auxiliary switches 16 (SW), 20 (SW) and 24 (SW). In 
each of FIGS. 2A, 3A and 4A, voltage outputs Vor and 
V and the ON-OFF switching of main switch 14 (SW) 
and auxiliary switches 16 (SW) and 20 (SW) are shown 
over time. Although each of the timing diagrams in FIGS. 
2A, 3A and 4A shows a two output application, it should be 
apparent that the same time sequencing techniques can be 
applied in accordance with the principles of the present 
invention to regulator circuits having more than two outputs. 

Referring now to the timing diagram in FIG. 2A, energy 
can be delivered to one output capacitor until that output is 
completely charged to its upper threshold level. At time To, 
voltage outputs Vor and Vo2 have both discharged to 
their respective lower voltage thresholds. In response to the 
outputs of comparators 30 (C) and 32 (C), logic block 38 
gates the oscillator output of time sequencing block 40 to 
main switch 14 (SW). This causes main switch 14 (SW) 
to start switching. Time sequencing block 40 starts switch 
ing auxiliary switch 16 (SW), while keeping auxiliary 
switch 20 (SW) OFF (open). For several switching cycles, 
auxiliary switch 16 (SW) turns ON (closes) when main 
switch 14 (SW) turns OFF (opens), and the energy stored 
in inductor 12 (L) is transferred to output capacitor 18 
(Cour). Voltage output Vor rises, while voltage output 
Vo continues discharging. At time T, voltage output 
Vor reaches its upper reference threshold, and time 
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sequencing block 40 stops switching auxiliary switch 16 
(SW), and starts switching auxiliary switch 20 (SW). 
Auxiliary switch 20 (SW) turns ON (closes) when main 
switch 14 (SW) turns OFF (opens), and the energy stored 
in inductor 12 (L) is now transferred to voltage output 
V. At time T, after several more switching cycles, 
voltage output VoI2 reaches its upper reference threshold. 
Comparators 30 (C) and 32 (C) return to their original 
state, logic block 38 blocks the oscillator signal to main 
switch 14 (SW), and time sequencing block 40 stops 
switching auxiliary switch 20 (SW). 
An example of a possible logic configuration for time 

sequencing block 40 of FIG. 1 that provides the time 

5 

O 

sequencing of FIG. 2A is shown in FIG. 2B. In this con 
figuration, the switching frequency of main switch 14 
(SW) is equal to the switching frequency of auxiliary 
switches 16 (SW) and 20 (SW). Referring now to FIG.2B, 
the switching signals for auxiliary switches 16 (SW) and 20 
(SW) are provided by AND gates 100 and 102. A signal 
from oscillator 36 controls the switching of main switch 14 
(SW) and provides an inverted input to AND gates 100 and 
102 so that the outputs of AND gates 100 and 102 are low 
when the oscillator signal is high. This causes auxiliary 
switches 16 (SW) and 20 (SW) to be OFF (open) when 
main switch 14 (SW) is ON (closed). Signals from com 
parators 30 (C) and 32 (C) are also provided to AND gates 
100 and 102 so that the outputs of AND gate 100 and 102 
are only enabled when the signal from the corresponding 
comparator is high and the oscillator signal is low. The 
output of comparator 32 (C) provides an input to AND gate 
102. The output of comparator 30 (C) provides an input to 
AND gate 100 and is also inverted and provided to AND 
gate 102 so that the output of AND gate 102 is high only if 
comparator 30 (C) is low, indicating that voltage output 
V is within its desired voltage band. 

Referring now to the timing diagram in FIG. 3A, energy 
can be delivered to each output on a pulse-by-pulse basis. At 
time To, voltage outputs Vor and Vo2 have both 
discharged to their respective lower voltage thresholds. In 
response to the outputs of comparators 30 (C) and 32 (C), 
logic block 38 gates the oscillator output of time sequencing 
block 40 to main switch 14 (SW), and main switch 14 
(SW) starts switching. Time sequencing block 40 starts 
switching auxiliary switches 16 (SW) and 20 (SW) alter 
nately at half the frequency of the main oscillator signal. 
Auxiliary switch 16 (SW) turns ON (closes) during the first 
OFF cycle of main switch 14 (SW), so that the energy 
stored in inductor 12 (L) is transferred to output capacitor 
18 (Cour), causing voltage output Vor to rise. During 
the second OFF cycle of main switch 14 (SW), auxiliary 
switch 20 (SW) turns ON (closes), so that the energy stored 
in inductor 12 (L) is transferred to output capacitor 22 
(Cour), causing output voltage Vo2 to rise. For several 
switching cycles, energy is transferred alternately to output 
capacitors 18 (Cour) and 22 (Cour), through correspond 
ing auxiliary switches 16 (SW) and 20 (SW). At time T, 
voltage output Vor charges to its upper reference thresh 
old, and time sequencing block 40 stops switching auxiliary 
switch 16 (SW). Main switch 14 (SW) and auxiliary 
switch 20 (SW) continue switching, now at equal fre 
quency, until voltage output V reaches its upper refer 
ence threshold at time T. At this moment, all of the 
switching stops. 
An example of a possible logic configuration for time 

sequencing block 40 of FIG. 1 that provides the time 
sequencing of FIG. 3A is shown in FIG. 3B. In this con 
figuration, a flip-flop divides the main switching frequency 
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6 
so that it exceeds the frequency of auxiliary switches 16 
(SW) and 20 (SW). 

Referring now to the timing diagram in FIG. 4A, energy 
can be delivered to each of the output capacitors within one 
cycle of the main switch. At time To voltage outputs Vor 
and Vo have both discharged to their respective lower 
voltage thresholds. In response to the outputs of comparators 
30 (C) and 32 (C), logic block 38 gates the oscillator 
output of time sequencing block 40 to main switch 14 
(SW), and main switch 14 (SW) starts switching. Time 
sequencing block 40 starts switching auxiliary switches 16 
(SW) and 18 (SW) alternately so that energy is transferred 
to each output within a single OFF cycle of main switch 14 
(SW). When main switch 14 (SW) turns OFF (opens), 
auxiliary switch 16 (SW) turns ON (closes), and energy 
stored in inductor 12 (L1) is transferred to output capacitor 
18 (Cour), causing voltage output Vor to rise. At time 
T, halfway into the OFF cycle of main switch 14 (SW), 
auxiliary switch 16 (SW) turns OFF (opens), and auxiliary 
switch 20 (SW) turns ON (closes). The energy still stored 
in inductor 12 (L.) at time T is transferred to output 
capacitor 22 (Cour), causing voltage output Vo2 to rise. 
For several more switching cycles, during the OFF cycle of 
main switch 14 (SW), energy is transferred to output 
capacitors 18 (Corr) and 22 (Co) through correspond 
ing auxiliary switches 16 (SW) and 20 (SW). At time T, 
Voltage output Vo is charged to its upper reference 
threshold, and time sequencing block 40 turns auxiliary 
switch 16 (SW) permanently OFF. Main switch 14 (SW) 
and auxiliary switch 20 (SW) continue their switching 
action until voltage output V reaches its upper reference 
threshold at time T. At this moment, all of the switching 
stops. 
An example of a possible logic configuration for time 

sequencing block 40 of FIG. 1 that provides the time 
sequencing of FIG. 4A is shown in FIG. 4B. In this con 
figuration, a flip-flop is provided so that the equivalent 
switching frequency of the auxiliary switches 16 (SW) and 
20 (SW) exceeds the frequency of main switch 14 (SW). 
Main switch 14 (SW) and auxiliary switches 16 (SW), 

20 (SW) and 24 (SW) of the present invention may be 
NPN or PNP bipolar transistors, n-channel or p-channel 
power MOSFETS, or diodes. The time sequencing control 
schemes shown in FIGS. 2B, 3B and 4B contemplate the use 
of active switches such as bipolar transistors or MOSFETS. 
Controlled active switching guarantees that only one of the 
auxiliary switches turns ON (closes) at a given time. In an 
alternative embodiment, a diode may be substituted for the 
active auxiliary switch that is coupled to the highest voltage 
output. This is illustrated in FIG. 1 by the dotted lines around 
auxiliary switch 24 (SW). If voltage output V is the 
highest voltage output, diode 46 may be substituted for 
auxiliary switch 24 (SW), such that the anode of diode 46 
is connected to main switch 14 (SW) and the cathode of 
diode 46 is connected to voltage output Vow. When active 
auxiliary switches 16 (SW) and 20 (SW) are turned OFF 
(open), diode 46 automatically transfers energy to voltage 
output Wory during the main switch 14 (SW) OFF time. 
If either of the active auxiliary switches 16 (SW) or 20 
(SW2) corresponding to voltage outputs Vour or Vo is 
turned ON (closed), the voltage at the anode of diode 46 is 
lower than voltage output Vov, and therefore diode 46 
does not conduct. This alternative embodiment of the inven 
tion simplifies the time sequencing control schemes shown 
in FIGS. 2B,3B and 4B because substituting diode 46 for an 
active auxiliary switch eliminates the need for time sequenc 
ing block 40 to generate a control signal for that switch. 
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The time sequencing control schemes shown in FIGS. 2B, 
3B and 4B assume that no blocking diodes are used. 
However, in an alternative embodiment of the present inven 
tion, blocking diodes may be inserted in series with the 
auxiliary switches. As shown in FIG. 1, blocking diode 48 
is coupled between auxiliary switch 20 (SW) and voltage 
output V. Blocking diode 50 is coupled between aux 
iliary switch 16 (SW) and voltage output Vor. Alterna 
tively, blocking diode 48 may be coupled between the node 
between inductor 12 (L.) and main switch 14 (SW), and 
auxiliary switch 20 (SW). Likewise, blocking diode 50 may 
be coupled between the node between inductor 12 (L.) and 
main switch 14 (SW), and auxiliary switch 16 (SW). 
Assuming that voltage output V is the lowest voltage 
output, when both of auxiliary switches 16 (SW) and 20 
(SW) are ON (closed), blocking diode 50 allows voltage 
output Vor to be charged during the main switch 14 
(SW) OFF time. The voltage at the anode of blocking 
diode 48 is lower than voltage output V and therefore 
prevents the charging of voltage output V. This elimi 
nates the need for time sequencing block 40 to generate a 
control signal for auxiliary switch 16 (SW). Thus, use of 
this alternative embodiment also may simplify the time 
sequencing control schemes of the present invention. 
The principles of the present invention may be used with 

various switching regulator configurations or “topologies'. 
The circuit shown FIG. 1 has a boost topology. Boost 
Switching regulators provide output voltages that are greater 
than their input voltage. FIG. 5A shows an example of an 
implementation of an embodiment of the present invention 
in a buck topology. Buck switching regulators provide 
output voltages that are less than their input voltage. FIG.SB 
shows an implementation of an embodiment of the present 
invention in a flyback topology. FIG. 5C shows an imple 
mentation of an embodiment of the present invention in 
SEPIC topology. Each of the circuits in FIGS.5A, 5B and 
5C can be implemented and operated in accordance with the 
time sequencing techniques of the present invention previ 
ously discussed herein. It is also possible to use the prin 
ciples of the present invention to combine different topolo 
gies together in one circuit. For example, a boost-flyback 
regulator can be constructed. In that configuration, one 
output is obtained in boost fashion, and the other output 
comes from flyback energy in an overwinding. An inverting 
(positive-to-negative) regulator can also be constructed 
using the principles of the present invention. Each of the 
switching regulator circuits referred to herein may be imple 
mented and operated as an integrated circuit in accordance 
with the principles of the present invention. 

Although preferred embodiments of the inventions have 
been disclosed, with various components connected to other 
components, persons skilled in the art will appreciate that it 
may not be necessary for such connections to be direct and 
additional components may be interconnected between the 
shown connected components without departing from the 
spirit of the invention as shown. Persons skilled in the art 
will appreciate also that the present invention can be prac 
ticed by other than the described embodiments. The 
described embodiments are presented for purposes of illus 
trations and not of limitation, and the present invention is 
limited only by the claims which follow. 
What is claimed is: 
1. A circuit for providing a plurality of independently 

regulated output voltages, said circuit comprising: 
a main switch and an inductive element coupled in series 

with a source of electric potential; 
a first auxiliary switch coupled at a first end to a node 

between said main switch and said inductive element, 
and coupled at a second end to produce a first output; 
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8 
a second auxiliary switch coupled at a first end to a node 

between said main switch and said inductive element, 
and coupled at a second end to produce a second 
output; and 

a switch control coupled to drive the ON and OFF 
switching of said main switch and said first and second 
auxiliary switches, said switch control gating the 
switching of said main switch only when one or more 
of said outputs falls below its predetermined threshold, 
and said switch control generating control signals for 
said auxiliary switches to charge one or more of said 
outputs in a predetermined sequence. 

2. The circuit of claim 1, wherein said main switch and 
said first and second auxiliary switches are bipolar transis 
tOS. 

3. The circuit of claim 1, wherein said main switch and 
said first and second auxiliary switches are MOSFETS. 

4. The circuit of claim 1, wherein at least one of said first 
and second auxiliary switches is a diode. 

5. The circuit of claim 1, further comprising: 
a first diode in series with said first auxiliary switch; and 
a second diode in series with said second auxiliary switch. 
6. The circuit of claim 1, wherein said source of electrical 

potential is between a positive supply voltage and ground. 
7. The circuit of claim 1, wherein said source of electrical 

potential is between a positive supply voltage and a negative 
Supply voltage. 

8. The circuit of claim 1, wherein said source of electrical 
potential is between ground and a negative supply voltage. 

9. The circuit of claim 1, wherein said source of electrical 
potential is between two different supply voltages of like 
polarity. 

10. The circuit of claim 1, wherein said first output is 
produced at a first output terminal, said second output is 
produced at a second output terminal and said source of 
electrical potential is across first and second input terminals. 

11. The circuit of claim 10 further comprising: 
a first output capacitor coupled to said first output termi 

nal; and 
a second output capacitor coupled to said second output 

terminal. 
12. The circuit of claim 11, wherein said second output 

capacitor is coupled between said first and second output 
terminals. 

13. The circuit of claim 1, wherein said switch control 
further includes: 

a first comparator coupled to monitor the magnitude of 
said first output; 

a second comparator coupled to monitor the magnitude of 
said second output; and 

time sequencing logic coupled to said first and second 
comparators for driving said main switch and one or 
more of said auxiliary switches, when one or more of 
said outputs falls below its predetermined threshold. 

14. The circuit of claim 1, wherein said switch control 
includes time sequencing logic that controls the ON-OFF 
switching of said first and second auxiliary switches such 
that said first output is charged completely to its predeter 
mined threshold, and then said second output is charged 
completely to its predetermined threshold. 

15. The circuit of claim 1, wherein said switch control 
includes time sequencing logic that controls the ON-OFF 
switching of said first and second auxiliary switches such 
that said first and second outputs are charged alternately on 
a pulse-by-pulse basis. 

16. The circuit of claim 1, wherein said switch control 
includes time sequencing logic that controls the ON-OFF 
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switching of said first and second auxiliary switches such 
that said first and second outputs are charged within a single 
cycle of said main switch. 

17. The circuit of claim 1, wherein said switch control 
includes time sequencing logic that controls the ON-OFF 
switching of said first and second auxiliary switches, such 
that said first auxiliary switch is ON during each consecutive 
OFF cycle of said main switch until said first output charges 
to its predetermined threshold. 

18. The circuit of claim 1, wherein said switch control 
includes time sequencing logic that controls the ON-OFF 
switching of said first and second auxiliary switches, such 
that said first auxiliary switch is ON and said second 
auxiliary switch is OFF during a first OFF cycle of said main 
switch, and said first auxiliary switch is OFF and said second 
auxiliary switch is ON during a second OFF cycle of said 
main switch. 

19. The circuit of claim 1, wherein said switch control 
includes time sequencing logic that controls the ON-OFF 
switching of said main switch and said first and second 
auxiliary switches, such that said first auxiliary switch is ON 
and said second auxiliary switch is OFF during a first portion 
of an OFF cycle of said main switch, and said first auxiliary 
switch is OFF and said second auxiliary switch is 0N during 
a second portion of an OFF cycle of said main switch. 

20. A circuit for providing a plurality of independently 
regulated output voltages, said circuit comprising: 

a main switch and an inductive element coupled in series 
with a source of electric potential; 

at least two auxiliary switches, each coupled at a first end 
to a node between said main switch and said inductive 
element, and each coupled at a second end to produce 
at least two corresponding outputs; and 
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a switch control coupled to control the ON and OFF 

switching of said main switch and said auxiliary 
switches, said switch control driving the switching of 
said main switch when one or more of said outputs falls 
below its predetermined threshold, and said switch 
control including time sequencing logic which gener 
ates control signals for said auxiliary switches in 
response to one or more of said outputs being below its 
predetermined threshold, to charge one or more of said 
outputs in a predetermined sequence. 

21. In a circuit adapted to be coupled to first and second 
terminals providing a source of electrical potential, a method 
for producing independently regulated first and second out 
puts comprising the steps of: 

forming a current path between said first terminal and said 
second terminal through an inductive element and a 
main switch; 

forming a current path between said first terminal and said 
first output through said inductive element and a first 
auxiliary switch; 

forming a current path between said first terminal and said 
second output through said inductive element and a 
second auxiliary switch; and 

controlling the ON and OFF switching of said main 
switch and said first and second auxiliary switches Such 
that when one or more of said outputs falls below its 
predetermined threshold, said main switch and said 
auxiliary switches switch in a predetermined sequence 
to charge one or more of said outputs, and said auxiliary 
switches switch out of phase with said main switch. 
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